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(57) [Kft] 

lEfPWM^y^^tUV, VW, 
W U <0 "IB DO t?ffilc Offiftft ^m^6i;j;ot 

tU 9 0«ii:*1--5(4S:flt*i:-t-S-tlO»Jhffi*3R 

a* tt. ^' «i^ffi«oi«ia«*^«atsrSsaL., 4 



<3 

3 





1 

WPWM>{y^^tuv, vw, wu«)J:5it 
ti-Piio - ftBB-effi*^ffift*Sr«ffc-fr5 #afc «t o T 

Uti^aW^tT. tnic9 0*iES!-f-5*HSr/J*li:i- 
T««ffiB*»ffi+*^a«:«;ifc w i *«M* 

ntgott^Bfttu&B. 

4 ] a«j««rgffi^ p wm-t * xmm 

PWM^rf y T«**:UVW(0=tt^*5if^rUV, V 

HfJfE«1gffiBS:^ttSi"^^a^ LT, 1 Crffift^ 

[M*8 6 ] n«4 4 (lEttotaftoBttttBtfeJil 
§SBf-*5^T, 

aftE««ffifiSrft Ui-f 5 *a t L T , 2 dE*<0 

U3B. 
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2 

»« trill** i £etto«moHffittBtttt]£ 

[K*iS8] H&Effi&<z>{£ft^£ 12 0SiL, ME 

t -r ^ 2 £E*o«moamftBtt m* 

[§S*S 9 ] WEffi*offi«*Sr noSiU ME 

10 #a<tr5it*«3xtt4<o^-rn^i JSi^Eft^sift 

«co&ffiftB&tti3£B e 
[IS*iSl 0] lf*ri3X(i4<7)^m^irI^fSic 



[1***1 l] »*«3Xtt4<ov^i*ix^l3!B^E* 
t*mr6a**ffl8BS:ll*.fe^4:«:Wifci-««« 



[is*js 1 2 ] §s**i 1 1 iz%.m<ommmfflmmm<o 



3] »*Ji3Xtt4 0^-flx^l WrE« 
4HSB t it L T -t ^ d M £ if p -T ^ <fc 9 JwfiBSI » 

^^tet, a«**(i[S:tti*-r«ffiB»j»»asr«*fc 

c t ^r#® fc I" 5 SlftMNff ^B. 

1 4 ] 9 {wE«o«ffifi[fi«|tB3Sfi*5 

«tO«l»**l 0^E«^«a«HW*BS:#-r'5 h^^M 
»KBSr«^3t^^*#ati-5S»«»J»iSBo 

5] BJ*iS9«iE«oKfliffifil*ttlSfl. if 



tit* 1 6 ] iS*ri 9 [=EaotttfffiBttU»B. IS 
*Jfil OfcElliOSaESIKlSB. It* 1 !! KCfSicCDii 

#* 1 3 (wEa^B0JWSB«r*i-dttBfH«SBS: 
t S:»»t-rs«ftltfmiPKfio 

[0 0 0 1 ] 

50 m&)>bmmmzffl}£&<mmi> *<Dm%$Mtm 
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mimizm^^x ^xamm^mm-r^mwm ma&Mmttx&wmLxb* mi^nM^ansim^ 

[0002] ^fe^^^^x^sSib«^Mitt^ffi*^<tt>« 

D, 108il2^, 1 9 8 8 t'<7*-?mfemm% SwtSrBW4:L-C^* 0 
fco^75/U^DC*-*Oii^«atlB«l«fej Jd$g££ [0 0 04] 

ii^No. 170 r-fe^u^^nj:^^^ 10 -*t-UV, vw, wuo<t pfcth^ft^^ttlH"^ 
Ui#fe, ^-^^WjBWE^K^SEHE^-a* -ffiB tftfc 9 0gtE£-^5«i£ 0 -ft«)»±M«3R 

D, 118S5§, 1 9 9 8 r^ffi|4^S<5<ffifi«IS: 4fc, »** 2 (CfE«^ISM(l, If ** 1 fStt^S»« 

"i:«^SSD, 12 0t2^, 2 0 0 0 ^Carrier ttj Stb^iKHiSBiiK^^ S> t°- * «StSrtttti^ 

Frequency Component Me t h 7 >f /U^ ^ii t CO<^ffl*&fflt ^TS«J«^«ffi 

od for Position Sensor les ffiB£&ffl^£ CI LTl** 0 
s Control of I PM Motor in [ 0 0 0 5 ] * tz, IS** 3 [CfBfc^Wi, SSMftSr 

Lower Speed RangeJ (CfR^^^T Sffi^P WM-T W<-^ T-ffi»^5*Jf93SB<OaffiffiB 

i^SJ; 9^Si]^-fe>'>v^(I-^$raA-frT(c-Y 30 &ffiS£BK*5^-c\ PWM^r-f y Tff -5§-£U VW^Eft 

^T««ffiB«rttm+«*fe^««rS*tT^-5o ffit«)ttffiM»fc*5?Si:, J:o-C^t5 

ft, pwm>t >/<-*<d^+ y rft^-^uvw^ztgic fc*«r*t lti^s. §t**4t;:iE«i<o*wte, 

*5*tS-?:n-enco-ffifflr- 1 2 0£<&ffiftS«:»fc-fr* S9b«*SJE«PWM>r v/<— ^T*IK8!i"t-SfS«jai3SB^ 

:^l:J:ot, KKHjftftW^^+yrJBiftft^d ««ffiB*lB!6K^*5^-c, PWM^rt D Tff^-^U V 

fflBSrtttB-*-5-t**!F»t UO*fc. 38£-f- 5iKHIftttaE©*.SrttllJi-*^at , tttBSJxfc 

[0003] i«H*«*tffl^T«*ffi:B**ar5¥«ftll*fcc 

~*fcBrtiMMfc, *>*^tt*ir y T«*«fiR»^i*Hjft IS** 4 twfB^mfj1t^ffifiB^{±Sife'll(-*3^T, 

®ss:f»iffl Lxmm&m&tiim-tzjjm** mit£±y mmmimztk&-t%*®t lt, is** i kb**? 




[0 0 0 6] Sfc, »*J|7jrE«tW«Wtt, HftiEffiE 

Lfc^t«r»»t Ut^o HI#jS9I;:E*«>* 
Wtt* WEffit^ffite^Sr 1201^:1, ituEffitcoSS 

ft 4 01 ^-fixri* 1 ffi«6w«ffiffi«ft [±J3SBi-S<5v * 
Tftffl S;h,fd8ffiftB£^£fi ^ itm It^Ogi^ 

7t, 4(CE««>*WI±, 9 KE#<0««i 

ffiB1$ffl3£B:te«fc tfIS*g 1 0 KESttofijffiSJflPiSfiSr 30 
Iff £ h^*J»SSBS:«ifc^4:*»»4: lti^ 0 
lfi*l 5lwE«o*Wtt % 9 CiEttottti 

ffiRfcUKH, IS**fl OfcE»<rc«SESJ8P3£E, IS* 
Si llcE«ojga»a»H^J:O c SS3ft3fil 2K:E«<0 

fcurv^o a*i 6iztm<Dmwft, »**9 

IwEtt^ttttffiBttUlttB. «*3U 0^E*O««t»J 

»iSB, i t^E«t^5aa«iuj3SB, 1 2 
jcEft^aftiBaiSfijs.tvw** 1 3 itzmmw&wm 
wmmz%i-zimmmmm*ffiKtzzkz&&k ix 40 

[0 0 0 7] £f\ **Wtt, **yTJBtt«/di#0>« 
StS:ffl^TiB«ffiB*tta+**S^**T-fcO ; 

PWM^rf y Tff %UVW(OZffi(:jo^TU 

v, vw, wuwct^ft^n^n^-ftWT-ffiEco&ffi 

"I^+Ljcos (20) L 2 sin (20) 
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6 

*ir y T0)JSifc38:£: y Teo^^fcteEi^xiS * 
If, ffiftMSrl 2 Oftir-t-Si:, y TJBttftirlRUll 
[0 0 0 8] 

[fti] 

Vsin (a\t) 
Vsin (o\t-2T/3) 
Vsin (o\t+27T/3) 

uuh, uvh, uwhti, -tivpftuft* vffi. vv 

t@co^/H^«EE, Vl±JSJHjgSEfi*g, a>hft**9T 

olBWtt, (1) *-e**itSo 
[ft2] 



"ah' 





























d 




dt 









(1) 



iuh, ivh, iwhii, ^tt-enuta, vta, w 

uu, Lv V> Lwwfi. -ttl-PixUffi. Vtt, WtS^gS^ 

(2S-2nr/3) 
(20) 

L w =-L gP /2+L g2 cos (20+27T/3) 
L^L.+ L^+L^cos (20) 
L^L.+ L^+L^cos (29+27T/3) 
L^^L^+L^+L^cos (29-27T/3) 



r ^X\ 



Ls ttimfe+MM Lg2ft±$ 
[0 0 0 9] ( 1 ) *S:BS^S2P«>»±ffiS*(ra* 

-t-st, (2) s:iz4« 0 

[*4] 





It 







L.sin (2ff) L^-L.cos (29) dt 







>]dt 


>. 



(2) 
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7 8 
^.1T% LO =Ls +3 Lgo/2, LI =3 Lg2/2T* *os (20) ^|<t 
(2) AJ:!), BSttUfttts in (20), c* [*5] 



cos (29)] 



(3) 



jjS-e^iStSrl^^^fixtf, tt*M«9 0«Bt*i/c i ah ^ 



cos (29 )| = 1_ 

at 



(4) 



CO (3) ^ (4) *J:9. cos (29), sin flSttffijl^«i!lfl«)fc*5. *CT\ (2) 5S>?>f 

(2 9) *o«fcti:-4tJ»J|t»K^i6!|MiL (5) 5&0J: W&SrSKH-S t 

fcHftBBftT 1 -^*^. fl«2 9 &tL^liiL2X'fm (6) 
tSIttiot, BMgfiji9 (WT) ^W-rsrt [0010] 
(3) 5t. (4) i£cogO?KfiS»ft 20 [tfe 7 ] 

(5) 



d 




_ 1 


Lo-^cos (20) 


dt 




L"o — L i 


-L lS in (20) 



[«8] 



(6) 5^J:<9, 

(2 e) 



K J 1 [Lq-I^cos (29) -L lS in (29) iffu^dt] 
flh J LV-L 2 i[ -L lS in (29) L^I^cos (29)J[^u tfh dtJ 

(Sis in (20) , cos & 1%C9] 

rco B (20)] i 

[sin (20 )J L^ju^dlM- (Ju^dt)*)' 

Mju^dt) 1 - (/u^dt) 1 )- (LVL J .) <I. fc J« rt dl-i A Ju*. 



tt^-r y rj«»tttBSi[t?*5. 
[ici 0] 40 
fu ffb dl=u ah At, Ju^dt^^At 

uah ^f-^iEWt Jllu 0h = 0i45 
<7>T\ ^O^ST- (7) S^bcos (2 0) &f|-»-f 

cos (29) =-^+^=^i ; 

uah = ujSh £&£C0T\ ZWWfjST- (7) St^fes 



[»1 1] 

COS (29) — ^0 _ (L Z Q~ tio) , lgblfl=*l' 

Li L, u ah U^ At 

[0011] u 0h JjStT— ^«E<^ttttu a 

h = 0t45^ :^jgt' (7) tobcos (2 
0) *H-»-f5t, 

[*1 2] 

- (8) 

in (2 0) S:IH-»-*-5t, 
[*13] 
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10 



• \ ^0 (L 2 0— L 2 l) 0<xh~^/?l.) U=45* 

sin ^2C/; — — — ; r — : — 

L l L l ( U « h +l W b=45-* At 



(9) 



u ah =0©jfiM>e> 0 ^ 1 3 5ftii^^T* *Hsin (2 0) £ft*£-t*5 t , 
fi, uah=-u/3h ££5<£>T\ ^(D^fe-C (7) 5£* [S14] 

sjn (20) = _k + (LVL 2 D ) 0. h -W (1Q) 

U U ( U ab+W Ul35-' At 

fcft9, ««^ffia«rttffl"*"*-t* s "t?#-5. L^L/«e y^^y^f^T^ (11) - (14) 

mi si 

Lj(0) =L 0 -L lC os (20) (11) 

A/tfti-StHl (c) , 



ah =0©^uah = uj3h <Df%&X<D 

X\ z<Dmmzm$:ir% 0 

[00121H1 &*&m<ommGLWfcm<Dm*mm& 

?frfk(DX*foZ> 0 mi (a) 9^, ^ — ^CDEL 

LfcttSra' fit* t^C9 O^g^-tSttSrjg ' 

6r«©»±*«*ti-« ttivtKDmzistfzj 20 [f 16] 

L K =L 0 -L,cos (-2A6>) =L 0 -L lC os (2A0) 



(15) 



L,= L 0 + L.COS ( -2A 0 ) =L 0 +L L cos (2A 0 i (16) 



L rf =L 0 -f LjSin (-2A0) = L 0 -L lS in (2A0\ 



(17) 



L^=L 0 -L lS in (-2A0) =L 0 +LjSin (2A<9} 



(18) 



(1 5) 5*>6 (1 6) S$:lL?l^r 
[* 1 7 ] 

L a -L^=-L lC os (2A0) (19) 

H«H (l 7) st^fc (l 8) 

[ft] 8] 

L^-L^-LtSin (2A0) (20) 



IS19] 



tan ( 2A0) = 



ftEfi#:<o (2i) 5£T*ttffi-e**o 



f 0 • 



(21) 



(8) - (10) 5£K::tet*T0=A 0 fc LT, Ztl^tl 
(15) - (18) f£fc:ftA1--5fc. 

40 [f 20] 



L = (L 2 o-L 2 ,) — 



[*2 1] 

L.^— — ( L 2 u — L 2 i ) 

[«5C2 2] 
L a .= (L 2 0 -L 2 .) • 



(22) 
(23) 

(24) 



50 



11 

Lr=~ (L 2 o-L 2 ,) • l *\ (25) 
Vb* At 

;:t*, i a ' h = (idh+i Jh) I 9 
=as° , i ^ ' h = ( i a h — i 3 h) I 0 -i3s° . u a 
h = (u a h + u /3J I 6-45° , u 0 ' h = (u a h + u 

[fc24] 





'aJctv 


(26) 


L^oc 




(27) 


L^a 




(28) 






(29) 



3. ftoT, (2 1) itfi* 
[&2 5] 

tan (2A0) = | i a1, | av ~ | igb | Qv (30) 

[0 0 13] 

«St (h^^mSt) Jg^iqRef Srft^-t-^o qttSSE 
M04g2tt, i qReftEKE-T-irlRIJWL-ClHlte-t-Slfiff* 
10 (d-q£*XA8) H***Jxfc«ai«>9%h^ 
^I^JtWrS«8Eiq dr^itK U B^^p 1 <fc 
9f=«EE»^Vq SrjSfc^+S, dM«9iES(IWIS4te, i 

Sl<g>9 *>«SfiE*|6]tcBg-t-5SSE i d fc«:Jt«U MS 
dHfpfc4SJ:3K:«E»#Vd ^AEt5o #T8MM 
m»3». dftk, q*KB-e : F»iU-& 5 

d , Vq SrA^irl, JgftftBE^? h>u<Dfi|g:teJ;tfia 50 
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£3g3rf5o 711^^ y f y ^Ml: J: 9 AC*-* 8 

**"(d-q) 1 OKSHftl-SSMh 3teiSJS«ESS(tSr 
BPF 1 1 HU, KffifitttttBSSl 2 t^J: *9 0 

[0 0 15] B3l;:*5t*-C. 0 3ttffi«(75i8iJSiKS:l8* 
-t-8PWM«l»»6W|¥i(|BEBSr«LTV^ 0 

20 jfiSr*^$*5fe«), ^■yyrfg-g-**«6-4T-«* 

*6"-3^*5^TUtaK*T*Vffi<OffitBarftftAa, W 
*@&2A0-fe>U -tttfeSraV^U— *6-2t?SEE 

T, 7<D-f y/<— ^^HBi-AA-f-So (-^i^/^SC 
<fc9««iffifi&ffl«:ff 5) o H4lr*5V^T, 04li0 2 
K^LfcKffiffittttfcBSl 2^i¥aBS:^-r«d<:0-efc 
«9, i2l:/TtBPFl 1 ^eo3t0iSJSJ6SSItSr, ffi 

30 «KofcT-*te«r»otHu l s^n 

■SWSl 71= J: 5 
[0 0 16] o^iwftf^^o^TKMi-S e 5fcf\ 13 

7:n-X^7*6-3KJ:9Uft£2fi-e 
Vffi(OfittJ:MA0, Wffi*2A0i*&L."C ( 1 ) * 
{vItjH-J: 9 *«ffi{4H&ffiffla>B5JH& uuh, uvh, 

-r^ 0 tc^-r^fi^^tii^i 2t?«, /<>k^ 
i i^e>m*$n*3ft*E»ft«ac i stsais 

Bl4!:J;otafl a' i3' tttc^ft-t- 

3 0 0C(Cffi«£KSl 4C0tH^I ( i a h , i|3 h , i a ' 

Srlft#ltjR9«l 5T^ftt§ 0 l 6 

& tt'ffUS L Tt±^, 0 - ^ ^ 7,7^/^16 /J * b ^ Hi 
I i a 1, lav, I i I a v , I i a ' | a v , I 



13 

i J3 ' h I aj* % mm (2 6) xt- (2 9) ^(DX o\Z 

ffiE«**i 7-m (30) ^(DffinznmLxmbfo 

r e f to«*Srig*»J«Wlli:J:OBI*U, qW^St 
»iqrefS:MtS 0 qlWJB2t1t 3ffi 

IrHHLA:^^ h^W»^<t6SSE i q t. iqref£ 

#mmwi[mz&3< mmmmmmmx^ s 0 

[0 0 17] 

[XnoSMt] aJb|»lLfcJ:5fc, **WfcJ:ixtf, 

immcDffimtmw} 

m 1 ] **K^«tt*^»«ffifBfetB*ife^J®a^K 
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[HI 2] Hl^^«»«^«ffiffiH«WKfi^ffil»^ 
[0 3] 13 2 C/Tt PWMH»S<^y d y ^ StfcSo 

i 

2 q nmnMms 

io 3 &=F&ffl9m 

4 d%hm$tmm%* 

6 PWMfflWS 

e - 1 zt@mj±m^sc»^ 

6-2 =z>v<U— # 
6~3 7x-X>7^ 
6-4 ^rtllTB^tS 

8 $%ttlbtt 
20 9 »jhffi«£&« 
1 0 [«Itsffi«£ifc« 

i i /<> \*'*xy 

1 2 raffifijrffilfcffig 

i 3 

1 4 

1 5 mmmm%r ■ 

1 6 /<7,y jjisZ 
l 7 (tt«ft|Eftg$ 



[02] 



3 



PWMW8S 




11 




(9)^2 0 0 3-5 2 1 9 3 ( P 2 0 0 3 - 5 2 1 9 3 A) 



(a) 




(b) 



I ©w ©u m* ©w eu' ®v /x-r-* 




1 QW' jeu ©V ©W QU' ©V (x^-* 




0=0' 8^*5' ff = fo' fi^fis- 



im4] 
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[B3] 



fi VWWfflBr 



J- 



,6-1 



-VyL 



Vv 



49 



6-2 

( 

-r- 



r 



-a 



IT 



jr 



4 * 



7oy K-y^)S^ 
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